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Themethylation ofmammalianDNA, primarily at CpGdinucleotides, has long been recognized to play amajor
role in controlling gene expression, among other functions. Given their importance, it is surprising howmany
basic questions remain to be answered about the proteins responsible for this methylation and for coordina-
tion with the parallel chromatin-marking system that operates at the level of histone modification. This article
reviews recent studies on, and discusses the resulting biochemical and structural insights into, the DNA
nucleotide methyltransferase (Dnmt) proteins 1, 3a, 3a2, 3b, and 3L.‘‘‘Form follows function’ – that has been misunderstood.
Form and function should be one, joined in a spiritual
union.’’
.Frank Lloyd Wright
Introduction
The control of transcription initiation in mammalian cells can be
very broadly divided into three categories: intrinsic promoter
strength and availability of core transcription machinery (Dvir
et al., 2001; Sandelin et al., 2007), the actions of promoter- or
regulon-specific transcription factors (positive and negative)
(Hoffmann et al., 2006; Malik and Roeder, 2005), and the control
of DNA accessibility by altering chromatin structure (Berger,
2007; Li et al., 2007a). This latter category, including posttrans-
lational modifications to histones and postreplicational modifica-
tion of DNA, is in many ways less well understood than the other
two. Nucleosomes are the fundamental building blocks of eu-
karyotic chromatin and consist of146 base pairs of DNA wrap-
ped twice around a histone octamer (Luger et al., 1997). A variety
of protein-modifying enzymes (including methyltransferases) is
responsible for histone modification, primarily at their flexible N
termini (Bhaumik et al., 2007; Shi, 2007; Shilatifard, 2006).
We will touch on the functional links between histone modifica-
tion and that of DNA, but the purpose of this review is to
summarize, from a structural perspective, the rapidly growing
body of information about the proteins that methylate mamma-
lian DNA.
In mammals and other vertebrates, DNAmethylation occurs at
the C5 position of cytosine (5mC), mostly within CpG dinucleo-
tides (Figure 1A). In this process, the enzymes use a conserved
mechanism (Cheng and Roberts, 2001) that has been studied
best in the bacterial 5mCmethyltransferase (MTase) M.HhaI (Kli-
masauskas et al., 1994; Sheikhnejad et al., 1999; Wu and Santi,
1987; Youngblood et al., 2007; Zhang and Bruice, 2006). Briefly,
this mechanism involves MTase binding to the DNA, eversion of
the target nucleotide so that it projects out of the double helix
(‘‘base flipping’’), covalent attack of a conserved Cys nucleophile
on cytosine C6, transfer of the methyl group from AdoMet to theactivated cytosine C5, and the various release steps. This meth-
ylation, together with histone modifications, plays an important
role in modulating chromatin structure, thus controlling gene
expression and many other chromatin-dependent processes
(Kouzarides, 2007). The resulting epigenetic effects maintain the
various patterns of gene expression in different cell types (Turner,
2007). Epigenetic processes include genomic imprinting (Hore
et al., 2007), gene silencing (Lande-Diner et al., 2007; Miranda
and Jones, 2007), X-chromosome inactivation (Yen et al., 2007),
reprogramming in transferred nuclei (Reik, 2007; Yang et al.,
2007), and some elements of carcinogenesis (Gronbaek et al.,
2007). DNA methylation is also associated with phenomena such
asDNArepair (WalshandXu,2006), initiationofsexualdimorphism
(Schaefer et al., 2007), progression through cell-division check-
points (Unterberger et al., 2006), and suppression of the huge
number of transposable and retroviral elements in themammalian
genome (Bird, 1997; Howard et al., 2007; Yoder et al., 1997).
There are many recent reviews on epigenetics (Allis et al.,
2007) and its associated histone modifications and DNAmethyl-
ation (Goll and Bestor, 2005). Here, we summarize the most
recent structural and biochemical advances in the study of
DNA methyltransferases.
Mammalian DNA Methyltransferases
In mammals, DNA nucleotide methyltransferases (Dnmts) in-
clude four members, in two families that are structurally and
functionally distinct (Figure 1B). The Dnmt3 family establishes
the initial CpG methylation pattern de novo, whereas Dnmt1
maintains this pattern during chromosome replication (Chen
and Li, 2006) and repair (Mortusewicz et al., 2005) (Figure 1C).
As expected for a maintenance MTase, Dnmt1 has a 30- to 40-
fold preference for hemimethylated sites (discussed in (Jeltsch,
2006)). However, this division of labor is not so clear, as Dnmt1
activity is required for de novomethylation at non-CpG cytosines
(Grandjean et al., 2007), and perhaps to an extent even in CpG
islands (Feltus et al., 2003; Jair et al., 2006).
The Dnmt3 family includes two active de novo Dnmts, Dnmt3a
and Dnmt3b, and one regulatory factor, Dnmt3-Like protein
(Dnmt3L) (Bestor, 2000) (Figure 1B). Dnmt3a and Dnmt3b haveStructure 16, March 2008 ª2008 Elsevier Ltd All rights reserved 341
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ReviewFigure 1. DNA Methylation
(A) DNA cytosinemethylation at ring carbon C5. See the text for a summary of themechanism. The questionmark indicates possible activity of DNA demethylases
(Kress et al., 2006; Vairapandi, 2004).
(B) Members of the DNMT family. Schematic representation of Dnmt1 and Dnmt3. Dnmt2 is a tRNAAsp MTase (Goll et al., 2006) (insert). Roman numerals refer to
conserved motifs of DNA MTases (Kumar et al., 1994); motif IV includes the Cys nucleophile that forms a transient covalent bond to C6 of the target cytosine.
Other details are explained in the text or in work by Goll and Bestor (2005).
(C) Maintenance versus de novo methylation. As described in the text, the roles of the Dnmts are not completely distinct in this respect. The pale-blue segments
are substrate sequences (usually CpG), and the turquoise shapes represent methyl groups on the cytosines. After replication or repair, the duplex is methylated
on one strand only.similar domain arrangements: both contain a variable region at
the N terminus, followed by a PWWP domain that may be in-
volved in nonspecific DNA binding (Qiu et al., 2002; Lukasik
et al., 2006), a Cys-rich 3-Zn-binding domain (comprising six
CXXC motifs), and a C-terminal catalytic domain. The amino
acid sequence of Dnmt3L is very similar to that of Dnmt3a and
Dnmt3b in the Cys-rich 3-Zn-binding domain, but it lacks the
conserved residues required for DNAMTase activity in the C-ter-
minal domain. Dnmt2 appears to provide an example of diver-
gent evolution: it was named based on its high sequence and
structural similarity to known DNA MTases (Dong et al., 2001;
Okano et al., 1998; Yoder and Bestor, 1998), but it actually meth-342 Structure 16, March 2008 ª2008 Elsevier Ltd All rights reserveylates cytosine 38 in the anticodon loop of tRNAAsp (Goll et al.,
2006; Rai et al., 2007) (Figure 1B).
At the time of this writing (December, 2007), no structural infor-
mation is available for any part of the large 183 kDa Dnmt1
protein. It was recently reported that the SRA protein/ubiquitin
ligase Np95 (mouse)–ICBP90 (human) (Citterio et al., 2004; Kar-
agianni et al., 2007; Muto et al., 2002; Papait et al., 2007) targets
Dnmt1 to hemimethylated replication forks (and presumably re-
pair sites) (Achour et al., 2007; Bostick et al., 2007; Sharif et al.,
2007). It appears that large conformational changes are involved
in Dnmt1’s transition to the active state. These changes involve
interactions between the amino-proximal and catalytic domainsd
Structure
ReviewFigure 2. Domain Structures of the Dnmt3 Family
(A) The PWWPdomain structure of Dnmt3b, shown as aGRASP output (Nicholls et al., 1991), is rich in basic residues (Qiu et al., 2002). Selected charged, surface-
exposed residues are indicated.
(B) Structure of Dnmt3L with a bound histone H3 N-terminal tail (orange) (Ooi et al., 2007).
(C) A surface representation of the Dnmt3a-C/3L-C tetramer, with two short DNA molecules adopted by superimposition of the HhaI-DNA complex structure
(Klimasauskas et al., 1994) onto individual Dnmt3a-C molecules. The figure was adapted from work by Jia et al. (2007).
(D) The Dnmt3a-C/3L-C tetramer with one contiguous curved DNA molecule covering two active sites. The figure was adapted from work by Jia et al. (2007).
(E) The Dnmt3a dimer could, in theory, methylate two CpGs separated by one helical turn in one binding event.(Fatemi et al., 2001) and/or phosphorylation of Ser515 (Goyal
et al., 2007; Glickman et al., 1997).
In contrast to Dnmt1, structures are available for the PWWP
domain of Dnmt3b (Qiu et al., 2002) (Figure 2A), intact Dnmt3L
in complex with histone H3 amino-tail peptide (Ooi et al., 2007)
(Figure 2B), and a complex between the C-terminal domains of
Dnmt3a and Dnmt3L (Jia et al., 2007) (Figures 2C and 2D). We
will discuss the implications of these structures.
Dnmt3L Is a Regulatory Factor for De Novo
DNA Methylation
The phenotype of Dnmt3L knockout mice is indistinguishable
from that of a Dnmt3a germ-cell-specific conditional knockout;
both have altered sex-specific de novo methylation of DNA se-
quences ingermcells anddispersed retrotransposons (Bourc’his
and Bestor, 2004; Bourc’his et al., 2001; Kaneda et al., 2004;
Webster et al., 2005). These results indicate that Dnmt3a andSDnmt3L are both required for the methylation of most imprinted
loci in germcells. Dnmt3L colocalizes and coimmunoprecipitates
with bothDnmt3aandDnmt3b (Hata et al., 2002), and it enhances
de novo methylation by both of these MTases (Chedin et al.,
2002; Chen et al., 2005; Gowher et al., 2005a; Kareta et al.,
2006; Suetake et al., 2004). The minimal regions required for
interaction between Dnmt3L and Dnmt3a (or Dnmt3b), and for
stimulated activity, are in theC-terminal domains of both proteins
(Chen et al., 2005; Gowher et al., 2005a; Kareta et al., 2006; Mar-
got et al., 2003; Suetake et al., 2004), as illustrated by the struc-
ture of the complex between C-terminal domains (notated ‘‘-C’’)
of Dnmt3a and Dnmt3L (Jia et al., 2007) (Figures 2C and 2D).
Both Dnmt3a-C and Dnmt3L-C have the characteristic fold of
Class I, unpermuted, AdoMet-dependent MTases (Schubert
et al., 2003). However, the methylation reaction product S-
adenosyl-L-homocysteine (AdoHcy) was found only in Dnmt3a-
C, not in Dnmt3L-C. This is consistent with Dnmt3a-C being thetructure 16, March 2008 ª2008 Elsevier Ltd All rights reserved 343
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and unable to bind AdoMet (Gowher et al., 2005a; Kareta et al.,
2006). The overall Dnmt3a-C/Dnmt3L-C complex is 16 nm
long, which is greater than the diameter of a 11 nm core nucleo-
some (Figure 3). This complex contains two monomers of
Dnmt3a-C and two of Dnmt3L-C, which form a tetramer with
two 3L-3a interfaces and one 3a-3a interface (3L-3a-3a-3L).
Substituting key noncatalytic residues at the Dnmt3a-3L or
Dnmt3a-3a interfaces eliminate enzymatic activity, indicating
that both interfaces are essential for catalysis (Jia et al., 2007).
Dnmt3L appears to stabilize the conformation of the active-site
loopofDnmt3a,whichcontains thecatalytic nucleophile (Cys706),
via interactions with the C-terminal portion of that loop (G718-
L719-Y720) (Figure 4). Interestingly, pointmutations of the codons
corresponding to G718-L719 in human Dnmt3b are associated
with the disease ICF (immunodeficiency, centromere instability,
and facialanomalies) (G663SandL664T;seebelow). Thestructure
of Dnmt3a-C is remarkably similar to that of M.HhaI (Figure 4A).
The active-site loop of M.HhaI is flexible, and it has an open con-
formation in the absence of DNA and a closed conformation after
DNA binding (Klimasauskas et al., 1994). The active-site loop of
Dnmt3a (residues 704–724) superimposed well with the closed
conformation of M.HhaI (Figure 4A, left panel), whereas the open
Figure 3. A Model for Interaction between a Dnmt3a-3L Tetramer
and a Nucleosome
A nucleosome is shown, docked to a Dnmt3L-3a-3a-3L tetramer (3a-C in
green; 3L full length in gray). The position of a peptide derived from the
sequence of the histone H3 amino terminus (purple) is shown and is taken
from a cocrystal structure with this peptide bound to Dnmt3L (Ooi et al.,
2007). When the tetramer is wrapped around the nucleosome, the two Dnmt3L
molecules could bind both histone tails from one nucleosome. The amino-
proximal portion of Dnmt3a is shown in cartoon form, with domains labeled
as N (for the variable region at the amino terminus), PWWP (which may be
involved in nonspecific DNA binding), and CXXC (a Cys-rich 3-Zn-binding
domain). By analogy to Dnmt3L, the CXXC domain of Dnmt3a might interact
with histone tails from neighboring nucleosomes.344 Structure 16, March 2008 ª2008 Elsevier Ltd All rights reservedconformation clashes with Dnmt3L (Figure 4A, right panel). These
loop-stabilizing interactions might explain the stimulation of
Dnmt3a activity by Dnmt3L (Chedin et al., 2002; Chen et al.,
2005; Gowher et al., 2005a; Kareta et al., 2006; Suetake et al.,
2004). In addition, Dnmt3a-3L heterodimers might have higher in-
trinsic activity than Dnmt3a-3a homo-oligomers, in part because
Dnmt3L favors the catalytically competent closed conformation
of the Dnmt3a active-site loop by limiting the conformational
space available to that loop (Jia, 2007) (Figure 4A, right panel).
The intermolecular interactions between Dnmt3a-3L may also
explain the observation that Dnmt3L increases binding of Ado-
Met by Dnmt3a (Gowher et al., 2005a; Kareta et al., 2006). Bound
AdoHcy in the structure interacts with Dnmt3a in a manner sim-
ilar to what has been described for other Class I AdoMet-depen-
dent MTases (Schubert et al., 2003). These interactions involve
the adenine ring of AdoHcy making flanking van der Waals con-
tacts with the phenyl ring of F636 and with V661, and its exocy-
clic amino group (N6) making a hydrogen bond with D682
(Figure 4B). The importance of these interactions is indicated
by the observation that D682 and F636 of Dnmt3a are critical
for stabilizing a network of interactions involving both Dnmt3a
and Dnmt3L. These include D682 (3a) interacting with R684
(3a), R684 (3a) interacting with E729 (3a), E729 (3a) interacting
with R300 (3L), R300 (3L) interacting with D296 (3L), F636 (3a) in-
teracting with L726 (3a), and R725 (3a; the residue next to L726)
interacting with D294 (3L). Therefore, the interface of Dnmt3a-3L
provides an extenstive network of stabilizing polar interactions
that enhances binding of AdoMet by Dnmt3a.
The Dnmt3a-3L structure, docked to DNA with a flipped target
Cyt (adopted from the HhaI-DNA structure), has the docked Cyt
located between the nucleophile Cys706 and AdoMet (where
a transferable methyl group was modeled onto the sulfur atom
of AdoHcy) (Figure 4B). The nucleophilic attack on Cyt C6 by
Cys706 and themethyltransfer would occur from opposite direc-
tions, perpendicular to the Cyt ring surface, as in M.HhaI. The
geometry between Cys706 and Cyt C6, and between Cyt C5
and CH3-AdoMet, makes a proposed alternative catalytic mech-
anism for Dnmt3a that lacks a covalent intermediate (Reither
et al., 2003) very unlikely.
Dimeric Dnmt3a Suggests that De Novo DNA
Methylation Depends on CpG Spacing
Among known active DNA MTases, Dnmt3a and Dnmt3b have
the smallest DNA-binding domain (though it is absent altogether
in Dnmt3L). This domain includes 50 residues in Dnmt3a/b,
compared to, for example, 85 residues in the bacterial GCGC
MTase M.HhaI (Klimasauskas et al., 1994). However, dimeriza-
tion via the 3a-3a interface brings two active sites together and
effectively doubles the DNA-binding surface. Superimposing
the Dnmt3a structure onto that ofM.HhaI complexedwith a short
oligonucleotide (Klimasauskas et al., 1994) yielded a model
Dnmt3a-DNA complex with a short DNA duplex bound to
each active site (Figure 2C). The two DNA segments can be
easily connected to form a contiguous DNA, such that the two
active sites are located in the major groove 40 A˚ apart
(Figure 2D).
This model suggests that dimeric Dnmt3a couldmethylate two
CpGs separated by one helical turn in one binding event
(Figure 2E). A periodicity in the activity of Dnmt3a on long DNA
Structure
ReviewFigure 4. The 3a-3L Interface May Contribute to the Stability of Both AdoMet Binding and the Active-Site Loop Conformation
(A) Effects on the active-site loop. Left panel: superimposition of Dnmt3a and the protein component of the M.HhaI-DNA complex (PDB code: 1mht; gray). This
superimposition has a root-mean-square deviation of 2.3 A˚ (comparing 220 pairs of Ca atoms by DALI) or 0.8 A˚ (manually aligning 53 pairs of Ca atoms forming
the central 7 b strands). Right panel: superimposition of Dnmt3a andM.HhaI in the absence of DNA (PDB code: 1hmy). TheM.HhaI active-site loop (gray) is shown
from both structures: the closed, catalytically competent form adopted in the presence of DNA, and the open form adopted in its absence.
(B) Effects on AdoMet binding. Dnmt3a-C is shown in green, Dnmt3L-C is shown in cyan, and the active-site loop of Dnmt3a is shown inmagenta. AdoHcy (yellow)
and residues involved in interactions are shown as stick models, and the corresponding ICF mutations in human Dnmt3b are shown in red (see Figure 6C). The
panel was adopted from Supplemental Data in Jia et al. (2007).substrates revealed a correlation of methylated CpG sites at dis-
tances of 8–10 base pairs, and the structural model of oligomeric
Dnmt3a docked to DNAmay explain this pattern (Jia et al., 2007).
Similar periodicity is observed for the frequency of CpG sites in
the differentally methylated regions of 12 maternally imprinted
mouse genes (Jia et al., 2007). These results suggest a basis
for the recognition and methylation of differentially methylatedStregions in imprinted genes that involves detection of both CpG
spacing and nucleosome modification (see below).
Dnmt3L Connects Unmethylated Lysine 4 of Histone H3
to De Novo DNA Methylation
DNA methylation and histone modifications are intricately con-
nected with each other. Dnmt3a is fully active on nucleosomalructure 16, March 2008 ª2008 Elsevier Ltd All rights reserved 345
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(M.SssI) (Gowher et al., 2005b). Mouse ES cells that lack the
H3 lysine 9 (H3K9) MTases Suv39h1 and Suv39h2 show slight
demethylation of satellite DNA (Lehnertz et al., 2003). Methyla-
tion of histone H3 lysine 4 (H3K4) has been suggested to protect
gene promoters from de novo DNA methylation in somatic cells
(Appanah et al., 2007; Weber et al., 2007). The mammalian de
novo DNA methylation Dnmt3L-Dnmt3a machinery could trans-
late patterns of H3K4 methylation, which are not themselves
preserved during chromosome replication, into heritable pat-
terns of DNA methylation that mediate transcriptional silencing
of the affected sequences (Ooi et al., 2007).
Dnmt3a2 is a shorter isoform of Dnmt3a, predominant in
embryonic stem cells and embryonal carcinoma cells and de-
tectable in testis, ovary, thymus, and spleen, that is also required
for genomic imprinting (Chen et al., 2002). Dnmt3a2 and
Dnmt3b, along with the four core histones, were identified as
the main in vivo interaction partners of epitope-tagged Dnmt3L
(Ooi et al., 2007). Peptide interaction assays showed that
Dnmt3L specifically interacts with the extreme amino terminus
of histone H3; this interaction was strongly inhibited by H3K4
methylation, but it was insensitive to modifications at other posi-
tions (Ooi et al., 2007). Cocrystallization of Dnmt3L with the
amino tail of H3 showed this tail bound to the Cys-rich 3-Zn-
binding domain of Dnmt3L (Figure 2B), and substitution of key
residues in the binding site eliminated the H3-Dnmt3L interac-
tion. These data suggest that Dnmt3L is a probe of H3K4 meth-
ylation, and if the methylation is absent, then Dnmt3L induces de
novo DNA methylation by docking activated Dnmt3a2 to the
nucleosome. There have been reports of an inverse relationship
between H3K4 methylation and allele-specific DNA methylation
at differentially methylated regions (Delaval et al., 2007; Fournier
et al., 2002; Vu et al., 2004; Yamasaki et al., 2005).
Figure 5. Structures of the 3a-3L and 3a-3a
Interfaces
(A) Structure of the Dnmt3a-3L interface (PDB
code: 2QRV).
(B) Structure of the Dnmt3a-3a interface (PDB
code: 2QRV).
(C) Structure of the Dnmt3L-3L interface (PDB
code: 2PV0).
(D) Size-exclusion chromatography of wild-type
Dnmt3a2 (black trace) or of an F728A mutant
(red trace) (adopted from Supplemental Data in
Jia et al. [2007]). The cartoons indicate the inter-
pretation of oligomerization; the small yellow ovals
indicate the Dnmt3a DNA-binding region (though it
is absent altogether in Dnmt3L), and the other oval
indicates Phe (dark green,WT) or Ala (red,mutant).
Oligomerization by Dnmt3 Family
It is interesting that the sequences in-
volved in the 3L-3a interface are highly
conserved and are represented by two
pairs of phenylalanines: F728 and F768
of Dnmt3a, and F261 and F301 of
Dnmt3L (Figures 5A and 6A). The 3a inter-
face of Dnmt3L also supports the forma-
tion of a Dnmt3L homodimer (Figure 5C).
Dnmt3a might use the same interface to
form a Dnmt3a homo-oligomer, as suggested by analytical
size-exclusion chromatography of Dnmt3a2; this polypeptide
has a theoretical mass of 78 kDa, but it gave a broad peak of
500 kDa (Figure 5D). Furthermore, an F728A mutation of
Dnmt3a2, which eliminates a hydrophobic interaction at the
3a-3L interface (Figure 5A), disrupted the Dnmt3a2 homo-oligo-
mer to yield a 150 kDa dimer (Figure 5D) and abolished MTase
activity (Jia et al., 2007). The equivalent mutant in Dnmt3L,
F261A, lost its ability to form a homodimer and, at the same
time, its ability to stimulate wild-type Dnmt3a2 activity (Jia
et al., 2007). These data suggest that the two active members
of theDnmt3 family, Dnmt3a andDnmt3b, could formhomo-olig-
omers (or even 3a-3b hetero-oligomers) via alternative interfaces
involving the DNA-binding domain (Figure 5B) and phenylalanine
stacking (Figure 5A). The functions of Dnmt3a/b oligomers, and
the reasons for which Dnmt3a or Dnmt3b homo-oligomers are
less active than Dnmt3a-3L (or Dnmt3b-3L) heterotetramers,
remain unclear (Kato et al., 2007; Li et al., 2007b).
The Effects of ICF Mutants
The catalytic domain of Dnmt3b is 80% identical to that of
Dnmt3a, with no gaps or insertions. Point mutations in human
Dnmt3b are responsible for a disorder called ICF syndrome,
which results in death before adulthood (Okano et al., 1999; Xu
et al., 1999). Most ICF mutations cluster in the C-terminal cata-
lytic domain of Dnmt3b (red letters in the human Dnmt3b
sequence) (Figures 6A and 6B). If the Dnmt3b monomer has,
as expected, a structure similar to that of Dnmt3a, ICFmutations
could reduce the enzymatic activity of Dnmt3b in several alterna-
tive ways: affecting overall stability (V699G, V726G, and A766P),
altering conformation of the active-site loop (G663S and L664T)
directly (or indirectly by affecting the interface with Dnmt3L), im-
pairing interactionwith themethyl donor AdoMet (A585V, V606A,
346 Structure 16, March 2008 ª2008 Elsevier Ltd All rights reserved
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(A) The Dnmt3a-3L interface is shown; secondary structural elements are indicated in light blue. Numbering above the sequences corresponds to the mouse
ortholog. White-on-black residues are conserved in Dnmt3a, Dnmt3b, and Dnmt3L, whereas gray-highlighted positions are conserved (with% 1 substitution)
between 3a and 3b. The red highlighted C is the cysteine nucleophile of the MTase active site, whereas human Dnmt3b amino acids shown in red are associated
with the disease ICF when altered in specific ways (see text). Positions highlighted in yellow are responsible for interactions between Dnmt3a and Dnmt3L
(indicated by lines). The range of vertebrates with obvious Dnmt3L orthologs is much more restricted than that for Dnmt3a or Dnmt3b.
(B) The Dnmt3a-3a interface is shown; the sequence is highlighted as in (A). The block arrows underneath indicate reciprocal salt bridges between the conserved
Arg and Asp, as shown at Figure 5B.
(C) Distribution of human ICF mutations on Dnmt3b (in parentheses). The panel was adopted from the Supplemental Data in Jia et al. (2007).
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Reviewand A603T), affecting the proposed 3b-3b interface (analogous
to the 3a-3a interface; V818M, D817G, and H814R), or impairing
its proposed interaction with DNA (R823G).
Perspective
In combination with proteomics and transcriptomics, global
analysis of genomic DNA methylation (Brown et al., 2007;
Dunn et al., 2007; Schilling and Rehli, 2007; Wu et al., 2007) is
likely to play increasingly important roles in understanding nor-
mal and abnormal human development and physiology. The ex-
perimental characterization of Dnmts is providing a rapidly grow-
ing and convergent picture of the kinetic mechanisms (activities
of oligomers), binding partners (NP95-Dnmt1), chromatin recog-
nition (histone binding), and, in some cases, structures of these
complex proteins. However, understanding the basis for estab-
lishing, maintaining, and disturbing DNA-methylation patterns
will require a much better understanding of the union between
form and function in the Dnmt proteins than we currently
possess.
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